We drop the primes here for aesthetic reasons. The magnetic field in Region 1 could be written as, 
with only the monopole terms ( 0 J and 0 Y are the zero-th order Bessel Function and Neumann Function).
g and h are coefficients to be determined. For Region3, the magnetic field shall be written as,
where n f are coefficients of the inner field to be determined. rr  , we can eventually obtain, 
We thereby plot the total scattering cross section 
Supplementary Figures
Supplementary Figure S1 . The measurement setup. In the experiment, the samples are placed vertically with the cylindrical axis orientated along the z-direction, and a horn-shaped antenna, located ~100 cm away from the samples, transmits microwaves toward them with H-field polarized along the vertical direction. The scanning plane, measuring 300×300 mm 2 , is located in the middle of the 500 mm high samples to avoid the ending effect.
Supplementary Figure S2 . The magnetic response of the detector. To map the spatial distribution of the H z component, we employ a split ring detecting antenna which is made of a coaxial cable and has a circular loop of diameter 4 mm and a split 1 mm. Its S11 parameter is characterized first to identify the magnetic response frequency which is shown around 10GHz in air. When the detector is inserted into the oil, the overall spectrum will downshift, bringing about a change in the radiating/receiving capability of the detector at each specific frequency, for example, one of our working frequencies (9.35GHz). Thus, the scanned field magnitude inside the oil cylinder needs to be corrected to make the direct comparison with the external fields in air.
